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ABSTRACT 

Testosterone was measured using antibodies raised against testosterone II B­
carboxymethyl ether bovine serum albmin (T-IIB-CME-BSA) and testosterone 3-
O-carboxymethyl oxime-BSA as immunogen. The antibody produced in this study 

exhibits minimal cross reactivity with the structurally related steroids specially 5 
dihydrotestosterone (5 DHD. This allows to ommit the clean up step and measure 
testosterone in female serum samples accurately with a high sensitivity, precision, 
and specificity. The coefficent of variation (CY), standard deviation (SD) and 

standard error of mean (SE) were all in acceptable ranges. Antibody-bound and free 
steroids were separated by addition of dextran coated charcoal. The method was 
applied to a set of clinical samples, the results of which are discussed in this 
communication. The assay was compared with the available imported kits using 125 
I as tracer. The correlation coefficient obtained is calcualted to be r= 0.96, showing 
that the results obtained by these two methods are fully comparable and the assay may 
be replaced with the similar preparations imported from abroad. 
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INTRODUCTION 

Radioimmunoassay (RIA) has been the predominant 
analytical technique used in endocrinology during Ole past 
20 years. Since the inu-oduction of the first RIA by Yallow 
and Berson] many investigators have been involved in 
developing a simpler assay system. TIle measurement of 

testosterone in serum is necessary for the diagnosis .md 
management of a number of disorders, including 
hypogonadism, Klinefelter's syndrome and testicular 
feminization in man, hirsutism, Stein-Leventhal syndrome, 
and testosterone producing tumors, both of adrenal and 
ovarian origin. in women. 

Reprint requests should be addressed to: MJ Rasaec, Department 
of Biochemistry, School of Medical Sciences, Tarbiat Modurrcs 
University, Tehran Iran. 
This work has been supported by Tarbiat Modarrcs University 
Project Department. 
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Over the last two decades procedures for all steroid 

assays including testosterone have been investigated with 
different techniques such as gas liquid chromatography'" 
and high perfonnance liquid chromatography.'·s However, 
use of high affinity antibodies has eliminated most of the 

tedious purification. derivatization and column 
chromatographic steps leading to rapid, efficient and 
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Extraction Immunoassay of Testosterone 
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Fig. 1. Effect of immunization on antibody developmenl. 

sensitive assay with large through-put of s:unples. The 
most important component of an immunoassay is the 
availability of a high affinity and well characterized 
antibody. Since the first report of Nugent and coworkers,' 
a number of attempts have been made on the preparation 
of specific testosterone antisera for use in RlA. The 
specificity of such antibodies is influenced by the position 

of tile testosterone molecule used for conjugation to the 
carrier. It has been suggested that the stereochemistry of 
the steroid molecule is olle of the important determining 
factors to obtain a specific antibod9.'·· Hence, many 
positions on steroid molecule have been tried to fulfill the 
above criteria.,,10 In this paper, we report a very specific 

antibody and a simple one-step extraction procedure for 
clinical assessment of testosterone by RlA using two 
antibodies for different sexes. 

MATERIAL AND METHODS 

N-Hydroxy succiniimide ester, diox:m, bovine serum 
albumin, I -ethyl-3 (3-dimethylamino propyl) 
carbodiimide-HCI charcoal, dextran-T70, sodium 
dihydrogen phosphate, disodium hydrogen phosphate, 
testosterone, dihydrotestosterone, 2,5 diphenyl-oxazole 
(PPO), 1/4, bis-2-(4-methyl-I-5-phenoxyzolyl) benzene 
(POPOP), complete Fround's adjuvant (CFA), incomplete 
Fround's adjuvant, testosterone-3-0-CMO-BSA (T-30-

CMO), and all structurally related steroids used in this 
study were obtined from Sigma Chemical Company, SI. 
Louis, USA. (I .2.6.7-3H testosterone) (3HT) was supplied 

by Amersham International PLC, Bucks, UK. Ail other 
reagents were of analytical grade and were purchased from 
E. Merk Chmical Co, Germany. 

Prep ration ofimmunogen 

Testosterone I I B-carboxymethyl ether (T-I I B-CME) 
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Fig. 2: Titration curves of antibody raised against testosterone. 
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Fig. 3. Standard dose response curve using anti·testosterone-II B­
CME-BSA*. 
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Fig. 4. Standard dose response curve of anti-tcstostcrone-3-0-
CMO-BSA*. 
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Fig. 5. Standard dose response curve of anti-testosterone-3-G­
CMO-BSA*. 
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Fig. 6. Scatchard plot of anti-testosterone- II B-CME-BSA*. 

"" 
0.1 

0.8 

0.6 

0.' 

0.' 

02 

0.1 

oL-__ L-__ � __ � __ -L __ � __ ��� __ � 
. 016 .027 .0t55 .0alS . m :1158 .53 .28 .• 

Ifall) 

Fig. 7. Scalchard plot of anli·testosterone- 3-0-CMO·BSA*. 
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Fig. 8. Scat chard plot of anti-tl!sloslernnl!- 30·CMO·BSA"'. 

and T-30-CMO were coupled to BSA following the 
procedure of Hosoda ct aLII with a minor modification. 
BrieJly. I� mg orthe steroid was solubilized in minimum 
amount of dioxan. JO mg ofN-hydroxy succiniimide ester 
and J3 mg of carbodiimide-HCI were added, the reaction 
mixture was left 10 stirsiowly at room temperature for 2 hr; 
the activated ester was then added to a BSA Solution (63 
mg/ml) prepared in phosphate bufier saline PBS (10 mmol, 
pH 7.0) containing 0.1% sodium azide. The reaction was 
left to stir over night at 4°C and dialyzed against one liter of 
PBS (10 mmol pH 7.2) containing O.I % sodium azide. The 
dialysate was freez-dried and the number of testosterone 
molecules conjugated to each protein molecule was 
determined photometrically at 250 nm." 

Antiserum 

TIlree female New Zeland white rahbits of four months 
age were immunized following the procedure of Vitukoitis 
et al." Brieny. 500 �g of c:Uljugate was dissolved in I ml of 
saline and emulsilied with I ml of (CFA). The resulting 
emulsion was injected intradeflnally on the back of the 
rabbits over40 places. TIlis was followed bY:In intrmnuscular 
hooster injection 30 days later (250 �g of immunogen 
emulsified in 1 ml saline and IFA v/v). This was repeated at 
15 days intervals and the anim:� was bled from marginal ear 
vein ,even days after each booster injection, and all bleedings 
lVere checked for titer, specificity, and sensitivity. 
Test·)sterone-3-0-CMO-BSA lVas injected following a 
simiiar procedure. 

RIA Procedure 

Titer: Radioimmunoassay was performed following 
the procedure explained by Abraham et :�." Brieny, serum 
separated from each bleeding was diluted in PBS 
(10 mmol/I, pH 7.2). containing 0.1% gelatin and 0.1% 
sodium azid (called RIA buffer hereafter) to obtain a 1/500 
up to 1/16000 dilution of :Ultibody. Tritiated testosterone 
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Extraction Immunoassay of Testosterone 

Table I. Cross reactivities of anti-testosterone antisera with the structurally related 
CIS, C19, and e21 steroids 

S.N. Compound Dame %cross reaction %cross reaction 
anli·T· IlB·CMIl anli·T· 3·0·CMO 

AN I AN2 An3 

4·ANDROSTENE 3.17 DIONE 2.5 0.50 <0.05 
2 4·ANDROSTENE 3.13 DIONE <0.05 <0.05 
3 ANDROSTERONE <0.05 <0.05 <0.05 
4 EPIANDROSTERONE <0.05 <0.05 <0.05 
5 PROGESTERONE 0.50 <0.05 <0.05 
6 D·ALDOSTERONE <0.05 <0.05 <0.05 
7 CORTICOSTERONE 0.62 0.08 <0.1 
8 ETHIOCHOLANE·3B OL·17 ONE <0.05 <0.05 <0.05 
9 ESTRIOL <0.05 <0.05 <0.05 

10 B·ESTRADIOL <0.05 <0.05 <0.05 
II 17·ETHENYL ESTRADIOL <0.05 <0.05 <0.05 
12 PREGNANTRIOL <0.05 <0.05 <0.05 
13 5B·PREGNAN 3,17 DIOL. 20 ONE <0.05 <0.05 <0.05 
14 ESTERONE <0.05 <0.05 <0.05 
IS CHOLESTERlN <0.05 <0.05 <0.05 
16 HYDROCORTISONE 0.30 <0.05 <0.05 
17 DEHYDROISOANDROSTERONE <0.05 <0.05 <0.05 
18 DANAZOL <0.05 <0.05 <0.05 
19 DIHYDROTESTOSTERONE 2.30 32.00 36.00 
20 TESTOSTERONE 100.00 100.00 100.00 

Table II. Analytical recoveries of testosterone from charcoal treated plasma using anti-T-IIIJ­
CMIl·BSA and anli·3·0·CMO·BSA (AN 2) 

concentration testosterone added %rccovcrics* CV% 
ng/JOO 1'1 mean ± SE 

Ether blank 0 No Intcr 
Serum blank 0 ND 
Very low 0.2 102.7 ± 6.6 1.97 
Low 0.5 101.2± 1.0 3.32 
Medium 0.75 10504±lo4 5.28 
High 1.5 10504 ± 1.2 3.34 

No Inler- No interference by ether used for extraction 
ND= No delectable testosterone from serum stripped orf endogenous steroids 
*= Results of 8 experiments all in 6 replicates for nnti- I I B-CME-BSA 
+*:: Results of 8 experiments all in 6 replicates for anti-3-0-CMO-BSA 

%rt.ocovcrics·· 
mean ± SE 

100.1 ± 0.71 
97.67 ± 1.35 
97.23 ± 1.16 
97.14 ± 1.20 

CV% 

2.02 
1.35 
3.38 
3.50 

was diluled in the same system in order to oblain 10,000 

CPM/IOO �I (called uacer solution hereafter). The tubes 
were set such that the fust two tubes recieved 800 �I of RIA 

buffer and 100 �I of tracer (designated as toll� counts). The 
next two tubes recieved 600 �I of buffer ,md 1000 �I of 
tracer (named as non· specific binding, NSB). Other tubes 
recived 500 �I ofRlA buffer. 100 �I of uacer, and 100 �I of 
anlibody of different dilutions, in duplicates. The reaction 
mixture was vortexed and incubated at 4°C for 1 6  h. at lhe 
end of which 200 �I of de xu an coaled charcoal (prepared by 

adding 0.65 g Noril A and 0.0625 g dexuan T· 70 in 100 ml 

of RIA buffer) was added 10 every lube excepl tube no I and 
2. and incubated for 10 min at 4°C. The lubes were then 
centrifuged al3000rpm for 10 min at 4°C and Ihesupemaliml 
was lffUlsfcrred immediately to a scintillation vial containing 
5 ml of popop scinlillation coclail (prepared by adding 7.5 
g ppo ,md 0.25 g of dissolved in 2.5 liter of toluene): These 
were Ihen counted inan LKB model 1410 liquidscintiliation 

spectrometer. 
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Table III. Precision pro riles of testosterone using anti-T -11 B-CME-BSA 

EXP N POOL A" CV% POOL B'o CV% 
NO MEAN±SE MEAN±SE 

intrnassay 
I 6 22.83 + 0.54 5.78 47.00± 0.96 5.02 
2 6 23.16 ± 0.53 5.69 49.50 ± 0.22 1.09 
3 6 21.20 ± 0.88 10.1 52.66 ± 0.92 4.27 
4 6 20.83 ± 0.94 11.0 53.16 ± 1.74 8.01 
5 n 20.16±0.ln 1.98 47.60 ± 1.77 9.09 
6 n 19.66±0.61 7.62 49.16 ± 3.00 15.50 

internssay 
6* 21.30 ± 0.57 6.60 49.84 ± 1.04 5.11 

N= numb!!f of limes same sample analyzed for intrnassay variation 
*= numb!!f of times same sample analyzed for inlerassay variation 
CV= I.:ocfficicnt of variation 
**= pgllOO III of extract 

POOL C" CV% POOL DO. CV% 
MEAN±SE MEAN±SE 

78.50 ± 1.63 5.07 147.1 ± 2.64 1.67 
75.83 ± 2.42 7.79 149.5 ± 2.64 4.50 
78.30 ± 2.48 3.16 149.6 ± 2.38 3.80 
72.00 ± 1.37 4.64 151.5 ± 1.50 2.71 
73.00 ± 0.87 2.92 147.8 ± 1.64 2.71 
75.00 ± 0.51 1.68 155.8 ± 1.45 2.27 

75.93 ± 1.87 2.79 150.8 ± 1.45 2.08 

Table rv. Precision profiles oftestoslerone using anti-T-3-0-CMO-BSA -

EXP N POOL.<\·' CV% POOL B'o CV% 
NO MEAN±SE MEAN±SE 

intraassay 
I 6 16.4± 0.50 7.9 55.16 ± 1.0 4.6 
2 6 21.0±0.92 10.8 45.40 ± 2.0 0.11 
3 6 21.0 ± 0.63 7.30 50.9 ± 0.96 4.64 
4 6 20.0± 0.31 3.38 47.1 ± 1.49 7.77 
5 6 19.7 ± 0.63 7.86 48.8 ± 1.21 6.12 
6 6 20.0 ± 1.13 13.6 49.6 ± 1.20 5.90 

intcrassay 
6* 19.6 ± 0.69 8.60 49.50 ± 1.37 6.81 

N= number of limes same sample analyzed for intraassay variation 
*= number of times same sample analyzed for intcrassay variation 
CV= coefficient of variation 

**= pg/lOO III of extract 

Standard Curve 
After selecting the optimum titer, the antibody dilution 

was prepared as before and a serially diluted standard 
testosterone (5 pg-I ng, prepared from a stock ethanolic 
solution of testosterone in RlA buffer) w", added 10 each of 
the duplicate tubes. The assay was lenninated as explained 
before and the standard curve was constructed. 

Cross Reaction 
Number of structurally relaled steroids (C 19, C21 and 

C 18) wcre checked from a range of 25 pg 10 I ()() ng 
following a similar procedure as explained before for 
testosterone measurement. 
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POOL C" CV% POOL DO. CV% 
MEAN±SE MEAN±SE 

79.60± 2.80 8.6 160.0 ± 3.9 6.06 
71.20 ± 0.58 1.99 144.4 ± 2.10 4.10 
70.90± 3.00 10.5 143.3 ± 2.90 4.48 
67.50± 2.90 10.6 151.5± 1.5 2.71 
73.00± 0.87 2.92 [47.2 ± 4.80 8.49 
64.20 ± 1.80 7.05 140.2 ± 4.80 8.49 

71.03±2.15 7.40 147.9 ±4.86 2.94 

Assay Validity 

Analytical recoveries: Normal human male and female 
serum were stripped off steroid content by charco;:t1 
treatment. A known runount of testosterone was then 

added in four ranges (very low, low, medium. and high) 
and recovered by a one-step ether extraction. Briefly. 100 
�I ormoreofserum was diluted to I mi. with distilled waler 
and extracted with 3 tnl ether. 2limes. The ether layer was 
dried and reconstituted with 1 ml of RIA buffer and the 
assay perfonned as explained before using 100 �I of the 
reconstituted dry residue. 

Inter and Intra-Assay Validation 

Puul extracts were prepared by mixing the extracts of 
recovery step making four different concentrations (very 
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Fig. 9. K�l,;ovt!ries of testosterone using anti-To! I B-CME-RSA. 

3 

2 

o r-----------------------��----------

- 1. 

Fig. 10. Logit-log transformation of the dose response cUlve for 

anti-T-il B-CME-BSA*. 
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Fig. 11. Logit-log transformation of the dose response curve for 

anti-T-O-CMO-BSA *. 

low. low, medium, and high) and six successive assays of 
each pool in six replicates were perfonned. 

Test of Parallelism 
A nonnal serum smnple was extracted as explained 
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before and diluted serially so that six different dilutions 
were obtained. These Were then checked with a st�U1dard 
curve using both antibodies. 

Normal and Pathological Sample 

Testosteronc content of 55 nannal male ,U1d female 
samples were measured following this procedure using 
anti T-II-CME-BSA for male samples and anti-T-3-0-
CMO-BSA for female samples. A IOlal of 50 pathologic,� 
samples were also measured for testosterone content 
following similar strategy. 

RESULTS 

The number of steroid molecules conjugated to each 
BSA m,�ecule was calculated 10 be 14.5 for T-I I B-CME 
and 20 for T-30-CMO. Figure I shows Ihe immunization 
schedule of the IwO immunogen used to raise antibody. 
Normally the optimum titer was obtained after 4 to 6 
months of immunization. Figure 2 denotes the optimum 
titer of antibodies prepared in this study. This was selected 
as 50% binding of tracer to antibody and calculated 10 be 
1/2200 for anim'� numberone(ANI), 1/3200 for AN2and 
1/1400 for AN3. Results of composite curve for 18, I I ,  and 
7 succssive RIAs to construct the respective standard 
curves for anti-T-I IB-CME (ANI), anti-T-30-CMO 
(AN2) and anti-T-30-CMO (AN3) are shown in Figures 3, 
4 and 5. The values in parentheses indicate the respective 
percent coefficient of variation (CV) while bars drmyn 
show the st'Uldard deviation (SD). Figures 6,7 'Uld 8 show 
the affinity (equilibrium conslant, Ka) of the 'Ulti-T-IIB­
CME-BSA 'Uld 'Ulti-T-30-CMO-BSA (AN 2 and 3). The 
Ka values obtained for the three 'Ultibodies are I. I 3 x 10 1/ 
mol,2_3 x IO I /mol, 'Uld 4.24 x IO I/mol, respectively_ These 
v,�ues are well in the range of high aflinity 'Ultibodies. 
Percent cross reaction of rmtibodies with the related steroids 
are shown in Table I. These results indicate that the'Ultibody 
raised againstT-I I B-CME is highly specilic, while antibody 
raised against T-3-0-CMO had 30-32% cross reaction with 
5 DHT. However. the percent cross reactivity of 
androstenedione increased in the case of anti-T-I I  B-CME. 
Table II represents theresultsobtained on recovering known 
amount of testosterone added to stripped serum. Percent 
recoveries are between 97-105% using both 'Ultibodies and 
the CVs calculated were less then 5%. Precision profiles of 
RIA measurement arc shown in Tables III and IV_ Results 
of 6 experiments in which each pool W:L'i mewmred in 6 
replicates nre shown here. Within and between assay CY s 
are calculated to be in the acceptable "Ulges. Logit log 
transformation of the standard curve (linearization of the 
hyperbolic curve) is shown in Figures 10, I I  and 12. These 
results show the slopeofthe si;Uldard curve to be -I 046, -204, 
and -1041 for antibody raised against T-I IB-CME (ANI) 
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LOl!it Y= Ln -Y-
. ' 

IIXJ-Y 

2 -

o�---------�� _____ __ 

- , 

_2 L-__ � __ � __ � __ � __ � __ � __ ��� 
a J U U 2 U V 3 

Fig. 12. Logit-log transformation of the dose response r.:urvl! for 
an,j-T-3·0-CMO-BSA *. 
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dilution using anti-T-il B-CME- BSA (tcst of parallelism), 

Logit Y= Ln -Y-
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Fig. 14. Logit-Iog transfonnation of standanl curve amI sample 
dilution anli-T - 3-0-CMO-8SA (test of parallelism), 

andT-30-CMO(AN2&3),respec,ively.Figures I3and 14 
indicate the parallelism between the dose-response ,md 
sample dilution curve for both the antibodies used finally in 
this study. The slope of standard curve and smnple dilutions 

are calculated to be -1.61 mld -1.8 using anti-T-II B-CME 
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and -2.2 using anti-30-CMO (AN2), respectiVely. As can 

be seen the two slopes in each emiC arc in a good agreement 

with each other. FinaJly. in Tahle V arc presented "ata 
obtained on dclcnnining testosterone in normal and 
pathologic,tl samples. The normal level of testosterone 

me;L,ured by this method was between 0.2 to 0.9 ng/ml ror 

nonn;tl fem,tle samples using 'mti-T-30-CMO-BSA and 4-
9.5 ng/ml for normal m,tle using T- I I B-CME-BSA. TIle 

results obtained for testosterone contl.!nt in pre diagnosed 

samples arc ,also shown in this table. The correlation 
coefficient (r) is c;tlculated as shown in Figure 15. The 

values obtained (r = 0.96) is indicative or high correlation 

between the values obtained using present method and 

those using kits imported from abroad_ 

DISCUSSION 

RIA of testosterone has been described way hack in 

1974. Since then a large numberofassay systems have been 

rcported. Variolls kit preparations arc available for usc in 

this country. Most hospitals ,md clinics preferably use ready 

Inade preparations ilnporlcd from abroad. We have made an 

attempt 10 develop a very simple ,md equ'tlly erficient 'Uld 
highly specific assay system. The antibodies used in this 

study arc highly specific, thererore chromatographic 
separation was excluded. The results obtained in this study 
using a CII derivative of testosterone agrees with the 
general rule that keeping tlle antigenic determinants of a 

molecule intact is essential ror obtaining a better antibody. 
In this way since T-30-CMO-BSA is derivatized at C3 
position and a bulky group such as BSA molecule hinders 

tlH.: space around ring A in the steroid molecule hence the 
antibody obtained showed cross reaction with 5 DHT. 

However.choosing a carbon alom al the center of molecule 

(i.e., C II) that too WitIl a B orientation will avoid any son 

or hindrance caused by bulky molecule (i.e., BSA). 

Similarly using an ether linkage which is a less bulky 

group will itnporve the antibody qu,tlity. However. as the 

c"�e in our preparation. usc of a C II position Itas ,m 

adverse erfect on D ring of steroid molecule and 2% cross 

rl!action with androstenedione is observed which can limit 
the usc of antibody. especially in the female smnples 

ohtained during f1rcgnancy or other reason causing 

andruslenc;dione excess. Our attempt to measure 

Il!Slostt!rQnl! directly in serum failed. since hinding protein 

interference docs not allow for this strategy. We have also 
tried two of tlte known hlockers such as d,mawl and 
estradiol in order to block the binding protein intcference 

(unpublished data). These do not show any cross reaction 
with the antisera but were not able to displace kSlosleronc 

rr0111 SHBG even at a high concentration (i.e.,400 ng/vi,tl). 

On the otlu:r h;md. many authors have expressed their 
concern over direct assays of a fast binding steroid such as 
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Extraction Immunoassay of Testosterone 
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Fig. 15. Correlation coefficient of tcstosterOill.! measurement 
following our procedure * Ill1d kits imported from abrond** 
The results arc ohtnincd using SPSS program. 

32 caes plotted. Regression stntislics of A on B: 
Correlation .96391 R Squared S.E. of Est .86177 Sig. .0000 
Inlcrccpl (S.E.) .02793 (.19108) Slope (S.E.) .98475 (.04966) 

testosterone. Therefore. we preferred to include the 

extraction step to be On the safe side. The use of a beta­
emitting tracer will also improve the m;say perfonn:U1cc 

and the cost dfectiveness in such a way that onc can 

prepare the tracer solution from a stock preparation of 3H 
testosterone :.md the stock tracer may be stored years 

together without 'my loss of activity. The antibody used is 
raised in rabbits and is of poly clonal nature. This could be 

produced in large quantities locally. The diluted antibody 
is stable at 4°C for at least 60 days. These reagents when 
kept at -20°C in concentrated form are satilIe for more than 
2 years without any loss of activities. All other reagents 

and buffer systems used in this study are also stable at 4°C 
for more than a year. The assay c,m be accurately ci.UTied 

oul for a large number of samples (i.e., 200 or more) in onc 

working day. Since we have fully v<�idated the assay we 
can porpose that the present method may repiace the ready 

made kits imported from abroad. This c,m further clear the 

way for preparing RIA kits for detennination of other sex 

hormones. 
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